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OPTICALLY INDUCED HIGH EFFICIENCY GRATINGS IN AZO
POLYMER FILMS

by P Rochon!, J Mao!, A Natansohnz, and E Batallal

'Depanment of Physics, Roval Military College of Canada, Kingston,
Ontano KK SLO and “Depantment of Chemistny. Queen's University,
Kingston, Ontano. K7L 3Né

INTRODUCTION

Polimer matenals have been recently studied for their possible use
in the optoclectronic and optical storage fields These matenal present
major cost and processing advantages and thus make these very arractive
candidates for these rapidly advancing technologies It has recently been
shown that optical information can be optically stored and erasable in azo-
rohmers! This 1 accomphshed by opticaily inducing a rearrangement of
these arusctropic molecules thereby inducing a controliable birefringence
and d:chroism in an azo-polymer thin film

The abilitv 1o change the refractive index properties of azo-
pohvmers has lead us to investzate the possibility of using these films as
erasam'e holowraphic storage media and to investigate the properties of
these films when these are used as holographic volume gratings The
possible use of such gratings as coupling agents for hght 1o be transmitted
n » film wave guide has been an important consideration

The present work reports the observation and recording of hughly
eMcient, sable, erasable diffraction graung on azo-polvmer films The
efficiencies substanually exceed those expected from the creation of
volume phase gratings which can be recorded by opucally induced

birefningence
EXPERIMENT

The measurements reported here were made on 4-[[2-
tacryloviovy sthel)ethy i-amino]—4-nitroazobenzene (PDRIA) polymer thin
£ims The polvmer preparation has already been reported’-2 The films
were made by dissohing the pelimer in tetrahydrofuran (THF) and spin
¢aung onie a glass substrate The film thicknesses were of about 200 nm
The films were then heated above the glass transihon temperature of the
poismer | ca @€ C . in order 1o remove remanung solvent The films'
crucal density was nvpicallh OD 1 at 814 nm

The wratings were optcally inscnbed onto the films using a setup
dlustrated n figure | The wnung beam was formed by expanding and
colimating an argon laser beam at 514 nm to a dameter of three
m:limeters This beam was incident onto the sample holder which
consisred of a sample stage set at nght angles to a front surface murror The
portion of the beam which stnkes the mirtor 1s reflected back onto the
<ampie 10 interact with the direct beam and form an interference pattern on
and throughout the sample The wavelength of the laser as well as the angie
of inaidence. a. of the wnting beam 10 the sample hoider can be adjusted to
change the spaciny of the interference pattern The heht in the interference
pattern is absorbed t the polimer film and the formation of a graung has
beer. obsenved

The ume evoiunion of the optically inducee granng 1s momtored
aung a HeNe probe beam at ¢33 nm This beam is used because 1t 1s not
acsorhed by the film and [ar be left on without disturbing the results The
probe bheam 1s neariv paraliel to the wnung bean and the films are
suficiently thin that the Bragg condition on the angie of incidence 1s not a
<ntica! parameter in these measurements For thicker films care 1s taken 10
properh ahgn the probe beam. although a measurement of the absolute
d:Tachion efficieny car easih be performed as a funchion of angle m a
subsequent expenment 10 the inscnption process

HeNe 633 nm

Argon beam 514 nm

(] detecter

Figure 1: Grating inscription setup

RESULTS AND DISCUSSION

Ty cal results for the diffraction efficiency of the opuzalls it o ¢
y¥rating are presented in Figure 2 The results show thar there s orea:
a graung at short nimes, with a time constant on the order of '( = .
seconds for the wnung powers used here This is followed by 2 o0
build up of a highly efficiem diffraction grating wath
charactenstic time constants in the thousands of seconds
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Figure 2 Diffraction efficiency of pDR A films as a
function of ume for vanous wnuing beam power

W e associate the observed behavior with two distine: processe: © -
creaning the diffraction In the first case the diffraction efficiencs arpoace -
saturate at about 02 %o This behavior can be explained as being due 1c @+ -
opuical creation of a birefnngence grating throughout the sample The g~
which 1s reflected by the nurror wall be partialh lincarhy polanzed and loce
birefangence can be induced in these pohmers by using hinearh polarze:
hgh*xl ~L's:ng Kogelmck's expression for the efficiency of a »olume phase
graung* we obtain a birefnngence of An = 0% a npica’ value for 1
opticalls induced birefringence already observed on this matermali-2 W .
alsc hase confirmed this interpretation of this imual graung formanen =
storping the wnung process after 10 seconds and erasing the crati-.
orticaliv using unpolansed hight to overwnte on the fim ’ A




The second pant of the diffraction behavior appears to come from
an optivally induced mass diffusion of the pohmer The grating produced
dunng this pant of the wnung 1s permanent as long as the sample’s
lemperature is hept below the glass transiion temperature The grating can
be eraced by heating the film above the glass transiion temperature and 8
new grating can be wnitten ante the film after it has cooled There appears
to be no permanent damayed caused to the film in such a wnling’ erasing
ovele We alse note that cther wratings of d:ffenng onentat'on and grating
‘pacing can be written on top of already existing gratings It s also
possuible 1o wnte mu'tple graungs by using the multiple lazing lines
s.multaneaushy

Ar atema force mucroscope was used 10 obtain a surface profiie of
the film ir order to confirm that a physical displacement of pohmer
matenal 15 nvolved in the creation of the grating A tpical result s
presented in figure 3 Agan using Kogelnick's expression for a thick
watng and usine a hpcal refractine indean of 1€ for s polymer we
obtain a wrating depih of 130 nmy in heeping with the obsenved resulis The
granng profile exhituis a gnuscidal behavior which  echoes the power
density profile of the interfering wniting beams  The grauing spacing could
be adusted from 363 nanometers 10 over 1 micron using  $14 nm
wavelength at vancus argles of nadence  The fine grating spacing
azfaeable 1s rerurisent of the revently repered sub mucron penodic
muctures on pohymer surfacesdS

Furure 3 A1nuc force microscope surface profile

The gratne formatuon rate 15 smualh directh properhional te the
wring beam power which sugeests that the imporiant parameter 1s the
tota energn absorded by the polvmer The diffraction efficiency 1s also seen
'c saturate at about 28 %¢ i these samples, thus 1s what would be expected
for a graung thickness approaching the films thickness of about 170 nm
The true limyt 1o the efficiency achievable mav ver be higher for thicker
fiims

CONCLUSION

Opt:cally induced diffraction gratings are seen to have diffraction
efficiencies which far exceed that which couls be the result of induced
biretnngence in the polimer Aim The present preliminan study indicates
that polvmer difusion is at the ongin of the graung formanien and indicate
tha: thermal etfects mav be nvolved although no pohmer ablavon s
obsenved and that the samrles are recoverable by heating abose the glass
transiion temperature of the polvmer We expect that higher efficiencies
mas be achienare arc thar wratings with much finer spacing. as low as 280
L SOl eanvy e el mges Since the grannge are opnically mnduced a
rthe sptoelectronic feics present themsehes Two

~oome st oF opnica wave wuides and opnica
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